Abstract: A methodology for both accurate and smooth contour line generation from Light Detection 1 and Ranging (LiDAR) point clouds is proposed in this paper. In order to improve the accuracy of 
into too many small fragments, or too many pseudo-edge lines are formed if the threshold value is 48 not accurately determined. Considering that a high threshold value can extract more reliable edge 49 lines, whereas a smaller threshold value can extract more complete ones, a bi-threshold value method As discussed in the previous section, break lines are always located in zones where the elevation value changes dramatically [15] . Therefore, borrowing edge detectors from the image processing field for break line extraction from the DEM data set is reasonable. In this paper, the LoG edge detector [16] as shown in Eq.1 is used to extract the approximate break lines. LoG is a type of second-order gradient edge detector which combines the Gaussian smooth filter and the Laplacian sharp filter into one filter that smoothens the data set first and then detects the edge lines. It reduces the influence of noise for edge detection. log = 2 G(c, r) = (c 2 + r 2 − 2s 2 )/s
4
(1)
where c and r refer to the number of column and row, respectively, and s = σ Gaussion . When LoG is 53 performed for edge detection, the initial step is to obtain those pixels with zero Digital Number (DN) 54 values after the grid DEM is convoluted by LoG, which is closely related to the threshold of gradient 55 variance. A small threshold leads to many false but complete-edge lines, whereas a large threshold 56 results in segmented and incomplete but less-false-edge lines. A bi-threshold strategy is adopted 57 to combine the merits of both small and large threshold values, and the approximate edge lines are 58 extracted by this strategy. The details are as following. A small threshold value extracts more complete break lines, whereas a large threshold value detects more confident ones. Combining them results in the extraction of complete and confident break lines. Let l b be the edge pixels detected by a large threshold and l a be the edge pixels detected by a small one. They are superimposed. If the overlapping ratio in Eq.2 is greater than the predefined value, then l a is identified as a break line. lines constrained point clouds adjusting method is proposed in the paper, whose details are described 107 in the following.
108
Step 1: set accumulation error s = 0, for each point which is not located in a break lines, do the 
Now suppose there are m reference points around P. Then for each point, we have the error equation:
. For m points we have the error equations in matrix format shown in Eq.4.
where
point is an intersection one, w i is 0.5, otherwise, 1.
After standard adjustment computation, coefficients vector can be expressed as following: from which the elevation value of P is calculated as Figure 4 .
121
Calculate the deviation ∆h between the estimated elevation and the elevation of check points.
122
The new elevation of a check point is re-calculated by Z p = (Z p + Z p )/2 and use the new value for 123 checking if further check is required, record accumulation error s = s + ∆h.
124
Step 2: If s < c, then the fitted ground surface is smooth enough, stop the iteration. Otherwise, go 125 to
Step 1 for the next iteration. c = n * r, where n is the number of points, r is a predefined constant. A
126
smaller r results more smooth ground surface. Contour points can be extracted from the point clouds dataset after it is elevation adjusted.
129
However, interpolation between contour points is a must in order to generate smooth and continuous As shown in Figure 5 , let the elevation value of a given contour line be h, d is the contour interval.
144
Let the initial coefficient of the tension spline corresponding to the contour be δ. each contour line, the workflow of the algorithm is described in the following.
155
Step1: set the initial tension coefficient σ = 1.
156
Step2: calculate all the planar coordinates of points in the smoothed contour line. paper, statistical and shape-index based models are proposed for quality evaluation. The former is 168 used for accuracy assessment, whereas the latter is used for smoothness measurement. After contour lines are generated by the process described in this paper according to the given 171 map scale, the following steps are proposed to evaluate the accuracy of the result:
172
(1) Each contour line with a 2 mm interval is sampled, in which the interval is the length measured 173 in the map sheet. The real coordinates of the point being sampled should be converted from the 174 interval and the given map scale. The sampled points is set as Point Set I.
175
(2) A triangulation network is constructed with Point Set I. The concept involved in smoothness measurement based on shape index is that the smoothness of a curve increases with its chord length, whereas it decreases with its curvature. Given contour points B, A and C (shown in Figure 6 ) and a triangle constructed by them, the larger the A and the longer the chord length a , the smoother the curve. From a local point of view, A alone is enough to measure local smoothness. However, chord length a effects the overall smoothness of the curve. From this point of view, the formulafor smoothness measurement is proposed as Eq.6. For a whole contour line which is segmented by contour points, the ratio of the summation of smoothness degree by each segment to the summation of each chord length is used to evaluate its smoothness measurement as Eq.7.
where m denotes the number of triangles constructed by the contour points of the line. If the contour 186 line is a closed one, m is equal to the number of contour points, whereas m is equal to the number of 187 contour points minus 2 if it is unclosed. 
Experiments and analysis

189
The procedure for contour line generation from the LiDAR data set as described in this paper has The experiment tests the efficiency of extracting break lines using the bi-threshold method. Point 
200
The procedure for this experiment is as follows.
201
(1) Filter by progressive TIN densification and then generate gird DEM by linear interpolation. (7) When performing 3D break line extraction using the piece-wise construction algorithm, the
214
LiDAR points near break lines are reclassified. Therefore, more accurate ground points are obtained.
215
The DEM generated from these ground points is shown in Figure 7g . Each contour line with a 2 mm interval is sampled, in which the interval is the length measured in 224 the map sheet. The points form Point Set I. A triangulation network is then constructed with Point Set I.
225
The check points are input, and the elevations of the check points are estimated by linear interpolation 226 from the triangulation network. The elevation deviations are calculated between the interpolated 227 points and the check points. Then statistical parameters such as maximum error (ME), average error
228
(AE), and root mean square error (RMSE) are computed, as shown in Table 1 . Table 1 shows that the average error in flat areas is the largest in the group. This is because when with dramatic topographic changes such as terrace fields. In Table 2 , the number of contour lines generated from points with elevation adjustment is much 237 less than that without any adjustment. This is primarily due to the decrease in the number of fragment The data set in this experiment is the same as that used in Experiment 3, but contour lines are 243 generated in different map scales. The RMSEs in different scales are shown in Table 3 . From Table 4 , smoothness evidently increases with a corresponding decrease in the map scale.
236
249
In a small map scale scenario, the difference in smoothness between with adjustment and without 250 adjustment becomes negligible. 
279
In our proposed break lines extraction strategy, if the size of a grid mesh is too small, i.e., if the 280 resolution of the grid DEM is too high, then more time is consumed for the extraction of break lines 281 than low resolution. This is mainly due to a piece-wise construction algorithm is used to refine break 282 lines extraction. This is an iterative process and is thus a time-consuming task, especially when a small 283 step is adopted for the iteration. To overcome this shortcoming, the following are proposed in future Hongchao Ma wrote the paper.
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